Abstract. In the present study the prognostic value of both DNA ploidy and the proliferative activity of tomour cells were studied in a series of 76 consecutive patients suffering from gastric tumours. DNA ploidy and the proliferative index (as measured by the percentage of S-phase cells) were determined by flow cytometry using fresh tumour specimens.
Introduction
The investigation of prognostic factors is an essential step in the management of cancer patients. During the last decades several prognostic factors that contribute to improve the prediction of disease outcome have been reported in gastric cancer patients. Among others, these include tumour size, histologic type, node involvement and extranodal metastases [5, 10, 22, 32] . However, in spite of this an important prognostic heterogeneity still exists even within patients with similar disease characteristics. This points to the need to investigate clinical and biological features that may contribute to a better assessment of the prognosis of the disease.
Measurement of tumour cell DNA content using flow cytometry provides rapid and objective information on both the presence of clonal abnormalities in cell DNA contents (DNA aneuploidy) and the cell cycle distribution of the tumour cell population. Over the last two decades, this type of measurement has been performed in a wide variety of human tumours [30] , including gastric cancer. Nevertheless, disturbing levels of variability are found regarding the incidence of both DNA aneuploidy and the proliferative rate of tumour cells and its clinical significance. Thus, the incidence of DNA aneuploidy in gastric cancer ranges between 34% [2] and 89% [31] of the cases, depending on the series. Likewise, the mean percentage of S-phase cells in gastric cancer has been reported to be as low as 9% [3] and as high as 45.1% as assessed using immunocytochemistry techniques [17] . The reasons for such a variability were evaluated in a DNA Cytometry Consensus Conference held in October 1992 [30] . At this conference, it was concluded that whereas some discrepancies can be related to poorly designed studies lacking sufficient follow-up or number of patients, on many occasions variability could be due to technical artefacts, and new technically sound studies were encouraged [30] . This could also contribute to explain the contradictory results found regarding the clinical value of both the presence of DNA aneuploidy and the proportion of S-phase cells in gastric cancer [6, 13, 18, 19, 24, 25, 37] .
In the present study, we prospectively analyzed the prognostic value of both the presence of DNA aneuploidy and the cell cycle distribution of tumour cells as compared to other well-established prognostic factors in a series of 76 consecutive patients diagnosed with gastric cancer using an objective and highly reproducible flow cytometry method.
Material and methods

Patients
A total of 76 consecutive patients (47 males and 29 females, mean age of 70 ± 10 years old) diagnosed with gastric carcinoma was included in the present study. Each case was histologically classified according differentiation criteria (well, moderate and poor). In addition, the patients were also classified on the basis of the existence of neoplastic involvement of the gastric wall (T1: involvement of the lamina propia or submucosa; T2: infiltration of muscularis propria or subserosa; T3: penetration of the visceral peritoneum without invasion of adjacent structures; and T4: invasion of adjacent structures) as well as to the presence of both lymph node involvement (N0: negative lymph nodes; N1: involvement of juxtagastric lymph nodes; and N2: neoplastic infiltration of lymph nodes distant from the primary tumour) and extranodal metastases. The pathologic stage of the cancer was established according to the American Joint Committee on Cancer Criteria [1] . As the moment of closing the study, 48% of the patients were alive and 52% had died. The median follow-up for the whole series was 43 months.
Flow cytometry DNA analysis
DNA measurements were performed in all cases at the moment of diagnosis. Tumour samples were obtained by endoscopic biopsies and/or gastric surgery and prepared within 30 min after being obtained. In both cases, specimens from different tumour regions were pooled, placed on a gauze and cut into small pieces of around 1 × 1 mm 3 . Tumour pieces were then placed in citrate buffer and smoothly minced with tweezers and pinzars. After allowing the preparations to sediment for one minute, the supernatant was collected, centrifuged and resuspended at a concentration of 5×10 6 cells/ml in citrate buffer. Then, 200 µl containing approximately 10 6 cells were placed in a separate tube and used to measure cell DNA content according to the technique of Vindelov et al. [26, 34] . Briefly, 1.8 ml of a solution containing trypsin -0.03 g/l (Sigma), pH 7.6 -was added to the cell suspension. Then, cells were incubated for 10 min at room temperature. Once this incubation period was finished, 1.5 ml of a solution containing a trypsin inhibitor -0.1 g/l (Sigma) -and RNAse -0.5 g/l (Sigma) -was added and another incubation period of 10 min was carried out at room temperature. Finally, a third incubation (room temperature) for at least 15 min was carried out in the dark after adding 1.5 ml of a solution containing propidium iodide -0.21 g/l (Sigma). Measurements were made within three hours after this last incubation had finished. Information on at least 10 4 nuclei was acquired using a FACScan flow cytometer (Becton/Dickinson, San José, CA, USA) equipped with a 15 mW argon ion laser tuned at 488 nm and a doublet discrimination module. The electronics of the instrument were adjusted using chicken erythrocyte nuclei so that the modal channel for the diploid G0/G1 nuclei would be 200 (propidium iodide fluorescence intensity was scaled from channel 0 to 1023). The existence of DNA aneuploidy was defined as the existence of two G0/G1 peaks in the DNA histogram according to well-established criteria [8] . DNA indices were calculated by dividing the modal channel obtained for the G0/G1 tumour cells by the modal channel for normal diploid G0/G1 cells present in the sample. Whenever it was not clear which G0/G1 peak corresponded to the tumour population, a second tube in which a mixture of tumour cells and diploid peripheral blood leucocytes from a sex-matched healthy individual was stained with propidium iodide using the technique described above and measured under the same conditions.
Analysis of the distribution of G0/G1, S and G2/M cell cycle phases was performed on gated cells for the exclusion of doublets using the RFIT mathematical calculation model by means of the CellFIT software (Becton/Dickinson). In all samples, where there was an overlap between diploid and aneuploid cell populations, the POLY mathematical calculation model was used to calculate their cell cycle distribution separately. The overall mean coefficient of variation of the G0/G1-phase peak was 3.18 ± 1.01% and 2.57 ± 1.21% for the diploid and aneuploid populations, respectively. In all cases, the percentage of events present in the DNA histogram that corresponded to background aggregates and death cells was less than 8%, and they could be clearly gated out on a FSC/FLZA dot plot.
Statistical methods
Mean values and their standard deviations were calculated for all variables in each group of patients (BMDP 2D software program). Cut-off points for S-phase were established at those which showed the highest discriminative value for overall survival after testing the median, mean and tertile values. In order to establish the statistical significance of the differences observed between groups, the Mann-Whitney U -test was used (BMDP 3S software program).
Survival curves were plotted according to the method of Kaplan and Meier, and the Mantel-Cox, Breslow and Tarone tests were used to establish the statistical significance of the differences observed between curves (BMDP 1L software program). Multivariate analysis was performed to examine the simultaneous effect of the different variables on survival by the stepwise proportional hazards regression model for censored survival data (BMDP 2L software program). Variables included in the regression analysis were those for which there was a significant association with survival in the univariate analysis of prognostic factors (p < 0.1).
Results
From the 76 patients included in the present study, 47 (62%) were aneuploid and 29 (38%) diploid. All aneuploid cases showed a higher DNA cell content, with a mean DNA index of 1.63 ± 0.46 (range: 1.08-2.92). In most of the DNA aneuploid cases (81%), a single aneuploid population was detected, while in 9 cases (19%) more than one tumour stem cell clone was detected. The distribution of tumour cells along the different cell cycle phases was as follow: G0/G1, 85.4 ± 11.9%; S, 10.9 ± 9.8%; and G2/M, 3.5 ± 3.2%. The clinical and biological characteristics of the disease according to the existence of DNA aneuploidy are shown in Table 1 . As may be seen, the aneuploid cases had a significantly higher (p = 0.0001) proportion of S-phase cells as compared to the diploid tumours. In addition, a higher proportion of deaths (p = 0.01) was observed among the cases displaying DNA aneuploidy. By contrast, no significant differences were observed between diploid and aneuploid cases with respect to age, sex, initial symptoms, degree of local infiltration, lymph node involvement, extranodal metastases, the TNM stage and the histological type.
Upon grouping the patients according to the percentage of S-phase cells into a low and a high proliferative groups (Table 2) , no significant differences were observed for any of the clinical and pathological variables analysed except for a higher proportion of cases displaying DNA aneuploidy (p = 0.0001) among patients with high numbers of S-phase cells. Analysis of the prognostic value of DNA measurements ( Fig. 1) showed that cases displaying DNA aneuploidy are associated with a significantly lower survival (p = 0.005) as compared to the diploid patients. By contrast, in the present study the proportion of S-phase cells was of no value for predicting overall survival.
Multivariate analysis confirmed that the presence of DNA aneuploidy is an independent prognostic factor in gastric cancer (p = 0.003) together with the histological type (p = 0.03) and the existence of extranodal metastases (p = 0.05), these three parameters representing the best combination of disease characteristics for predicting survival in our series of gastric cancer patients.
Discussion
Several papers have been published in which DNA ploidy was analyzed in gastric cancer patients, the incidence of aneuploid cases ranging from 34 to 89% [2, 31] . Most of these studies were performed retrospectively on paraffin-embedded tissues [4, 9, 14] , and a few have been performed on fresh tumour speciments. On most occasions the relationship between the presence of DNA aneuploidy and other prognostic factors has been analyzed [11, 16, 18, 28, 34, 36, 37] , but its value for predicting survival has not been extensively explored; actually, to the best of our knowledge, only Ohyama et al. [24, 25] performed a multivariate analysis of prognostic factors in fresh tumour samples in which the independent value of DNA aneuploidy with respect to other well-established prognostic factors was explored. Interestingly, results described in these two publications by the same group are contradictory as regards the prognostic value of DNA aneuploidy.
In the present study, we followed the recommendations of the DNA Cytometry Consensus Conference held in October 1992 using an objective and reproducible technique for the measurement of cell DNA contents. The overall incidence of DNA aneuploidy was 62%, which is similar to that found in other series [15, 16, 23, 28, 33, 38] . Of these patients 19% displayed more than one DNA aneuploid population.
An association between the presence of DNA aneuploidy and the existence of lymph node involvement has previously been reported in gastric cancer patients [13, 18, 37] . This association is confirmed in the present series. By contrast, no clear association was found between the presence of DNA aneuploidy and other clinical and pathological findings such as age, sex, the existence of tumour-related symptoms at diagnosis, the disease stage or the degree of local infiltration. These findings are also in keeping with previous reports [11, 20] . Similar to what has been reported by other groups [6, 20, 28, 36] , no clear association was detected between the histologic type of the tumour and the presence of DNA aneuploidy, although a slightly higher incidence of aneuploid cases was found for well and moderately-differentiated carcinomas in agreement with the observations recently reported by several groups [7, 12, 28, 29] .
Although an association between the presence of DNA aneuploidy and the existence of extranodal metastases has been reported by other groups [16, 37] , these observations could not be confirmed in the present series.
Regarding the cell cycle distribution of tumour cells, a clear association was detected between the proportion of S-phase cells and the presence of DNA aneuploidy. Nevertheless, as pointed out previously by our group [26] and others [30] , this could be related, at least partially, to technical questions associated with the lack of a specific indetification of tumour cells in the diploid cases. Accordingly, whereas in the aneuploid cases the assessment of the cell cycle distribution is specifically done for the tumour population, in diploid cases the final S-phase values strongly depend on both the proliferative activity of tumour cells and sample contamination by normal cells.
Interestingly, no clear association was found between the proportion of S-phase cells and other clinical and pathological disease characteristics even when different S-phase cut-off values were used for diploid and aneuploid tumours.
The number of papers in which the cell cycle distribution of tumour cells has been explored is still scanty [9, 24, 37] . In some reports [25] , a high S-phase fraction has been associated with a greater incidence of extranodal metastases and a more advanced stage of the disease. However, these findings have not been confirmed by others [11] . Although a slightly higher incidence of both extranodal metastases and stage IV was found in the present series for cases with a high proportion of S-phase cells, these differences did not reach statistical significance. Further technical developments in which specific indentification of tumour cells can be achieved are necessary to elucidate the real associations and the clinical value of S-phase measurements in gastric cancer.
Regarding overall survival, our results show that the presence of DNA aneuploidy is associated with both a higher incidence of deaths and a shorter median survival. In contrast, no prognostic value was found for the percentage of S-phase cells in spite of the association found between the ploidy status and the number of S-phase cells. These findings are in accordance with those reported by others [4, 13, 18, 24, 37] . Interestingly, in a multivariate analysis of prognostic factors we observed that the presence of DNA aneuploidy is an independent prognostic factor and, together with the histologic type and the existence of extranodal metastases, represents the best combination of factors for predicting survival. To the best of our knowledge, this is the first report in which the independent prognostic value of DNA aneuploidy is clearly demonstrated in fresh tumour samples from gastric cancer patients. It could be argued that due to the high mean age of the patients included in the present study, overall survival rates could be similar to those expected for a normal age-and sex-matched population. However, it has previously been clearly show that age-and sex-matched normal individuals display a significantly higher likelihood of survival [21] .
In summary, in the present study we show that in gastric cancer patients the presence of DNA aneuploidy by flow cytometry is an important prognostic factor, while the estimation of the clinical value of the S-phase fraction based on the measurement of cell DNA content is of no clear prognostic impact. Accordingly, the use of more accurate technical procedures for the specific identification of S-phase tumour cells is mandatory.
